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ABSTRACT
We discuss the stochastic background of gravitational waves from ultra compact neu-
tron star-white dwarf (NS-WD) binaries at cosmological distances. Under the assump-
tion that accreting neutron stars and donor white dwarf stars form most of the low
mass X-ray binaries (LMXBs), our calculation makes use of recent results related to
the luminosity function determined from X-ray observations. Even after accounting for
detached NS-WD binaries not captured in X-ray data, the NS-WD background is at
least an order of magnitude below that due to extragalactic white dwarf-white dwarf
binaries and below the detectability level of the Laser Interferometer Space Antenna
(LISA) at frequencies between 10−5 Hz and 10−1 Hz. While the extragalactic back-
ground is unlikely to be detected, we suggest that around one to ten galactic NS-WD
binaries may be resolved with LISA such that their positions are determined to an
accuracy of several degrees on the sky.
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1 INTRODUCTION
The planned Laser Interferometer Space Antenna (LISA)1
will open up the frequency band between 10−5 Hz and 10−1
Hz to the gravitational wave radiation. At frequencies below
10−5 Hz, merging super massive black holes at cosmologi-
cal distances contribute (Jaffe & Backer 2003; Wyithe &
Loeb 2003), while at frequencies above 10−1 Hz, neutron
star-neutron star binaries and stellar mass black holes are
expected to be the dominant sources of gravitational waves
(Belczynski et al. 2002). The range between 10−5 Hz and
10−1 Hz is ideal for the detection of gravitational waves from
compact binaries associated with close white dwarf binaries
(CWDBs) involving another white dwarf, a main sequence
star or a neutron star (Hils et al. 1990; Farmer & Phinney
2003; Nelemans et al. 2001; Cooray et al. 2004).
In addition to observing the coalescence of massive
black hole binaries (Haehnelt 1994), at frequencies above
10−3 Hz, LISA will spectrally resolve most galactic CWDBs
(Cornish & Larson 2003). Estimates based on population
synthesis calculations suggest the number of resolved bina-
ries will be around 5000, with a substantial fraction related
to WD-WD binaries in the galaxy, including Am CVn sys-
tems (e.g., Nelemans et al. 2001). At frequencies below 10−3
1 http://lisa.jpl.nasa.gov and http://sci.eas.int/home/lisa/
Hz, the stochastic background formed by unresolved galac-
tic binaries is expected to be significant and be larger in
amplitude when compared to both the LISA detector noise
and the extragalactic background formed by merging white
dwarfs (Hiscock et al. 2000; Hils, Bender & Webbink 1990;
Kosenko & Postnov 1998; Nelemans et al. 2001). As dis-
cussed in Seto & Cooray (2004; also, Ungarelli & Vecchio
2001), this galactic background of gravitational waves is
highly anisotropic as it is mostly concentrated towards the
galactic plane and the bulge. With integration times over
a year, LISA is expected to measure low order multipoles
of this galactic binary distribution. This allows a mecha-
nism to quantify the galactic background independent of
any other isotropic background component at the same grav-
itational wave frequencies. Once the galactic background is
modeled and removed, under the assumption that the spatial
anisotropy of any extragalactic background related to com-
pact binaries is negligible, one can search for a component
from cosmological distances. While one expects an isotropic
background from inflation (see, Maggiore 2000), the extra-
galactic background related to compact binaries is expected
to dominate. Any measurement of the gravitational wave
background amplitude related to compact binaries would
be helpful in understanding their cosmological evolution.
Here, we consider the extragalactic compact binary
background and its detectability with LISA and primar-
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ily focus on the background related to neutron star-white
dwarf binaries; Previous studies have already estimated the
extragalactic background related to white dwarfs (orbiting
other white dwarfs and main sequence stars). These esti-
mates have mostly relied on numerical population synthe-
sis models based on codes such as SEBA (Portegies Zwart
& Yungelson 1998 and used by Schneider et al. 2001) and
BSE (Hurley et al. 2002 used by Farmer & Phinney 2003).
While these estimates are more likely to capture the WD-
WD and WD-main sequence background more accurately,
we avoid the approach related to binary synthesis models
as the physics related to the formation of neutron stars is
expected to be more uncertain than those involved with the
formation of white dwarfs.
In order to calculate the background, we make use of
recent results in the literature related to the presence of low
mass X-ray binaries (LMXBs) in nearby galaxies. Follow-
ing Bildsten & Deloye (2004) and various other suggestions
in the literature (e.g., Belczynski & Taam 2004; Bildsten
2002; Podsiadlowski et al. 2002; see reviews by Verbunt 1993;
Bhattacharya & van den Heuvel 1991), we make the iden-
tification that an individual LMXB is an accreting neutron
star from a donor white dwarf star with mass at or below 0.1
m⊙. This identification allows us to present a calculation of
the gravitational wave background based solely on observa-
tional data, mainly using the distribution of LMXBs in each
galaxy (e.g., Gilfanov 2004; Kim & Fabbiano 2004), and the
distribution of galaxies out to z ∼ 1 or more based on the
K-band luminosity function (Drory et al. 2003); We make
use of the observationally derived result that the LMXB
distribution in each galaxy can be described by a univer-
sal luminosity function with the normalization given by the
total stellar mass content.
The LMXBs, however, only capture the fraction of NS-
WD binaries that are interacting; Thus, our approach based
only on X-ray data allows us to derive a lower limit to the
NS-WD background. We partly correct for the fraction of
detached binaries based on observed statistics of binaries
both in galactic globular clusters and the field and using
certain scaling arguments from the literature related to the
evolution of these binaries including the end point of mass
transfer where neutron stars are spun up to millisecond pul-
sars (see, Lorimer 2001 for a review).
Though the estimate related to the total NS-WD back-
ground is rather uncertain, in general, our calculations sug-
gest that the NS-WD gravitational wave background is
roughly an order of magnitude smaller than those due to
WD-WD binaries. In comparison, we find that the back-
ground is unlikely to be a significant source of signal for
LISA as it is roughly two orders of magnitude below the
LISA instrumental noise at frequencies near and above a
mHz. Our conclusions are consistent with a recent order of
magnitude estimate on the NS-WD gravitational wave back-
ground at frequencies above a mHz where the signal was
estimated to be at a level an order of magnitude below the
LISA noise (Kim et al. 2004). While the analysis by Kim
et al. (2004) involved statistics of three known NS-WD bi-
naries that will merge within a Hubble time, we present an
independent estimate that relies on the observed statistics
of X-ray binaries.
The discussion is organized as follows: in the next sec-
tion, we discuss the contribution to the gravitational wave
background from NS-WD binaries under the assumption
that LMXBs are binaries whose X-ray luminosity is pow-
ered by accretion. Making use of calculations by Bildsten &
Deloye (2004) to relate the accretion luminosity to secondary
WD mass and the orbital period of the binary, we use obser-
vationally derived results on the distribution of LMXBs to
calculate the stochastic background of gravitational waves.
Since not all NS-WD binaries are not included in the cal-
culation, we make a rather uncertain order of magnitude
correction to estimate the total background related to both
interacting and detached NS-WD binaries. We find a low
background signal, when compared to LISA noise. We also
consider the detectability of galactic NS-WD binaries and
conclude with a discussion and a summary in Section 3. We
assume a flat cosmological model with a cosmological con-
stant and consistent with recent cosmological data including
WMAP.
2 GRAVITATIONAL WAVES FROM NS-WD
BINARIES
The gravitational wave luminosity for a binary in a circular
orbit is given by the Peters & Mathews (1963) formula:
LcircGW = 2.16×10
45ergs s−1
(
m1
m⊙
)10/3
q2
(1 + q)2/3
P
−10/3
orb
, (1)
where the orbital period, Porb is in seconds and q ≡ m2/m1
is the ratio of masses of the binary components with indi-
vidual masses m1 and m2. In the circular orbit case, the
gravitational wave emission is at a frequency fGW = 2/Porb
given by
fGW = 3.5× 10
−3Hz
(
mtot
0.9m⊙
)1/2 (
a
105km
)−3/2
, (2)
where a is the semi-major distance of the orbit and time vari-
ation of this frequency is f˙ = 96pi8/3/5m
5/3
c f
11/3, where mc
is the chirp mass given by mc = (m1m2)
3/5(m1 +m2)
−1/5.
In general, with an orbital eccentricity, e, the gravi-
tational wave emission is at all integer harmonics of the
orbital frequency such that fGW = n/Porb, where n > 2.
In this general case, the specific luminosity in gravitational
waves can be written in terms of the circular luminosity,
Lf
GW
=
∑
n
Lcircg(n, e)δ(f−n/Porb), where g(n, e) accounts
for the luminosity distribution as a function of the orbital
eccentricity and the harmonic number (see, Peters & Math-
ews 1963).
Here we attempt to calculate the background indepen-
dent of population synthesis models. The basis for this calcu-
lation comes from the interpretation of LMXBs as accreting
neutron stars from donor white dwarf stars (Bildsten & De-
loye 2004). This interpretation is consistent with a variety
of observational results and the association of LMXBs with
millisecond pulsars (e.g., see Lorimer 2001 and references
therein). We relate the accretion luminosity to the orbital
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period and donor mass. The orbital period and donor mass
distribution of NS-WD binaries, in each galaxy, then, follows
from X-ray observations. We describe the X-ray luminosity
function following the description given in Kim & Fabbiano
(2004; also, Gilfanov 2004) and write
dN
dLx
=
{
AL−αx Lmin ≤ Lx < Lcut
AL−βx Lcut ≤ Lx < Lmax
(3)
where α and β take numerical values of 1.8±0.2 and 2.7±0.5
when Lcut = (4.8± 1.2) × 10
38 ergs s−1. The normalization
constant A is set under the observationally derived result
that the total X-ray luminosity, Ltotx ≡
∫
LxdN/dLx dLx,
scales with the stellar mass as determined by the K-band
luminosity, LK , of the galaxy such that when Lmin = 10
37
ergs s−1, Ltotx = (0.20 ± 0.08) × 10
30(LK/LK⊙) ergs s
−1
where LK⊙ corresponds to an absolute magnitude MK⊙ of
3.33. Note that Lcut corresponds roughly to the Eddington
limit of an accreting neutron star (Bildsten & Deloye 2004).
We extend the LMXB distribution to cosmological dis-
tances using the K-band luminosity function of field galaxies
out to a z of 1.2 derived by Drory et al. (2003) using the Mu-
nich Near-Infrared Cluster Survey (MUNICS). Their results
are summarized in the usual Schechter (1976) form for the
luminosity function such that
Φ(LK)dLK =
Φ⋆
L⋆K
(
LK
L⋆K
)γ
exp
(
−
LK
L⋆K
)
dLK , (4)
where γ is the faint-end slope of the luminosity function and
Φ⋆ is the normalization at the characteristic luminosity of
L⋆K , with the corresponding magnitude M
⋆
K . The redshift
evolution of the luminosity distribution is written as
Φ⋆(z) = Φ⋆(0)(1 + µz)
M⋆K(z) = M
⋆
K(0) + νz . (5)
We make use of the numerical values derived in Drory et al.
(2003; see also, Kochanek et al. 2001) such that Φ⋆(z = 0) =
(1.16±0.10)×10−2h3 Mpc−3,M⋆(z = 0) = −23.39+5 log h±
0.05, and γ(z) = γ = −1.09±0.06. To describe evolution, we
use µ = −0.25 ± 0.05 and ν = −0.53 ± 0.07, as determined
using maximum likelihood fits to the measured luminosity
functions. All uncertainties here and in the LMXB X-ray
luminosity function (equation 3) are 1 σ errors and we use
them to capture the extent to which the interacting NS-WD
background is uncertain.
Given the comoving density of galaxies, as a function
of the K-band luminosity, and the number-luminosity dis-
tribution of LMXBs in each of these galaxies, we calculate
the specific flux received in gravitational waves today, at a
gravitational-wave frequency of fGW as
FfGW =∫
dz
dV
dz
∫
dLKΦ(LK)
∫
dLx
dN
dLx
Lf
GW
(Lx, z)(1 + z)
4pid2L(z)
,
(6)
where Lf
GW
(Lx, z) is the specific luminosity in gravitational
waves for a binary with an accretion luminosity in X-rays,
of Lx, at a redshift z. Since interacting binaries are likely
to be synchronized by tides, we will make the assumption
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Figure 1. The gravitational background related to NS-WD bina-
ries based on data related to LMXBs. The background is calcu-
lated for the fiducial parameters of the LMXB X-ray luminosity
function, the K-band galaxy luminosity function, and the X-ray
luminosity-secondary mass and period relations from the liter-
ature. The background is shown in terms of the specific flux, in
units of ergs s−1 cm−1 Hz−1 (top panel), and in terms of the spec-
tral flux density, in units of Hz−1/2 (bottom panel), as a function
of the gravitational wave frequency. The total background signal
is shown as a solid line, while, for reference, we also divide the
contribution to redshift intervals of unity.
of circular orbits and set the eccentricity to zero. This is
consistent with observationally determined small eccentric-
ities for millisecond pulsars (see, Benacquista 2002), which
have been suggested as the end point of LMXB evolution.
The factor of (1 + z) in equation 6 captures the redshifting
of the frequency, via fGW(z) = (1 + z)fGW(z = 0) while
dL(z) = (1 + z)r(z) is the luminosity distance when r(z) is
the comoving radial distance. The comoving volume element
is given by dV = 4pir(z)2dr.
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As written in equation 6, the specific flux of the GW
background formed by LMXBs can be calculated based on
observationally determined parameters as long as one has a
model for the GW emission from an individual binary. Here,
following the interpretation by Bildsten & Deloye (2004), we
assume that the LMXBs are ultra compact binaries com-
posed of a neutron star, with a mass 1.4 m⊙, and a second
component involving a He or C/O white dwarf. The results
derived by Bildsten & Deloye (2004) can be analytically de-
scribed as
Porb = (10.2± 1.0)mins.
(
LX
1038ergs s−1
)−0.20±0.05
m2 = (0.06± 0.01)m⊙
(
LX
1038ergs s−1
)0.21±0.05
(7)
in the range of 1037 ergs s−1 to 1039 ergs s−1 in the X-ray
luminosity. The uncertainty here captures the range allowed
by various donor types, such as He, C and O-type white
dwarfs.
While the X-ray luminosity function of point sources
has been explained based on interacting NS-WD systems,
this assumption may have certain weaknesses that can af-
fect conclusions related to our calculation. The explanation
in Bildsten & Deloye (2004) applies strictly to point sources
in elliptical galaxies while such sources have also been ob-
served in all nearby galaxies. This modifies the overall nor-
malization and, in the present calculation, we have allowed
for such a possibility by not specifying galaxy types over
which the background is calculated but by rather consid-
ering the total K-band luminosity function. If it turns out
that the explanation, in fact, applies only to ellipticals and
the X-ray point sources in other galaxies are not related
to NS-WD systems, then we may have overestimated the
background, though we do not expect this to be significant
given other uncertainties in the calculation. More over, it is
unlikely that the total X-ray luminosity function is due to
NS-WD systems alone. For example, there is no clear expla-
nation for point sources with luminosities above few times
1038 ergs s−1, corresponding to the Eddington-limit for ac-
creting neutron stars. As such sources are less in number
when compared to those below the Eddington-limit, these
high X-ray luminosity sources do not dominate the number
counts in our calculation. While these and other minor is-
sues (such as the uncertain WD type and secondary mass)
may impact the present calculation, we believe it is equally
or more powerful when compared to other techniques that
have been so far used to estimate the gravitational wave
background related to compact binaries. While we do not
consider our estimates to be exact, considering all uncer-
tainties, we believe our estimates to be accurate to a factor
of a few, or at most, to a factor of ten.
3 RESULTS & DISCUSSION
The gravitational wave background calculated following the
approach outlined above is shown in Fig. 1. While we
normalize the X-ray luminosity function for LMXBs with
Lmin = 10
37 ergs s−1, consistent with observational results,
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Figure 2. The gravitational background specific flux (in units of
ergs s−1 cm−1 Hz−1) related to NS-WD binaries as a function of
the X-ray luminosity (Lext in ergs s−1) to which the binary X-
ray luminosity function is extended. Here, we plot the background
with Lext = 1034 ergs s−1 (same as in Fig. 1 - solid line), 1035 ergs
s−1 (dotted line), 1036 ergs s−1 (dashed line), and 1037 ergs s−1
(dot-dashed line). The frequency dependence of the gravitational
wave background, with varying minimum-extended luminosity,
can be understood based on the fact that orbital period increases
with decreasing X-ray luminosity such that with a higher cutoff,
sources at lower frequencies disappear.
when calculating the background, we extend the luminos-
ity function to a lower value of Lext = 10
34 ergs s−1 to ac-
count for both the low luminosity binaries detected in in our
galaxy and nearby galaxies (see, for e.g., Grimm et al. 2002;
Gilfanov 2004), and binaries in quiescence (in Fig. 2, we
vary this parameter). In Fig. 1, we plot the specific flux (in
ergs s−1 cm−2 Hz−1 (top panel) and in terms of the power
spectral density Sh(f) where Sh =
4G
πc3
FfGW
f2
GW
; Following the
standard practice, we plot, S
1/2
h , in units of Hz
−1/2.
In calculating the background, we make use of the fidu-
cial parameters for the X-ray luminosity function, galaxy lu-
minosity function and the period-mass relations in terms of
the X-ray luminosity. In Fig. 1, we have divided the contribu-
tion to redshift intervals to show how the cosmological back-
ground evolves both in frequency and in amplitude. While
the K-band luminosity function from Drory et al. (2003) is
only out to a redshift of 1.2, we have allowed this function to
scale out to a z of 3, with no changes to the evolution; this is
a safe assumption for now, though, with an increase in large
scale structure observations, one can be more certain on the
fractional contribution to the gravitational wave background
from the highest redshifts. In general, at frequencies around
10−3 the background is dominated by NS-WD binaries at
redshifts less than unity.
The spectral shape of the background, as shown in
Fig. 1, is generally consistent with simple expectations: Fol-
c© 0000 RAS, MNRAS 000, 000–000
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lowing equation 1, the gravitational wave luminosity scales
as LGW ∝ f
10/3m
10/3
c , and for interacting binaries where the
mass of the donor is much less than the accretor, mc ∝ f
3/5
(Farmer & Phinney 2003; but note the misprint there where
this is stated as mc ∝ f
5/3), and LGW ∝ f
16/3. For the
present class of sources where the period evolution is posi-
tive, ie. the period is increasing as the mass is transferred
from less massive donor to the neutron star, the number
of sources in each frequency bin roughly scales as N(f) ∝
f˙−1 ∝ m
−5/3
c f
−11/3
∝ f−14/3. Since FfGW ∝ LGWN(f), we
find, FfGW ∝ f
2/3. For z < 1, say, in the frequency range be-
tween 0.5 mHz and 2 mHz, we find the slope to be roughly
0.58, in rough agreement with the expected slope. At fre-
quencies, below 0.5 mHz, the orbital periods are greater than
an hour, and the accretion X-ray luminosity is less than 1034
ergs s−1 as binaries are no longer interacting; We underesti-
mate the background at this end of the frequency range as
X-ray observations do not capture the detached population.
At frequencies above 5 mHz, the background drops due to a
sharp reduction in binaries with accretion luminosities above
the Eddington limit. Here, with an increase in the mass of
the secondary donor, the number of binaries decreases. It
is unlikely that we are underestimating the background at
this top end of the frequency range since interacting binaries,
mainly ones already seen as LMXBs, dominate out here.
In Fig. 2, in order to understand how the gravitational
wave background depends on the X-ray luminosity to which
the binaries are extended, Lext, beyond the observed mini-
mum of the X-ray luminosity function of Lmin = 10
37 ergs
s−1, we plot the specific flux as a function of Lext between
1034 and 1037 ergs s−1. Note that in all of these cases, the
total number of X-ray binaries, in each of the galaxies, is nor-
malized by integrating the X-ray luminosity function down
to a minimum luminosity of 1037 ergs s−1, consistent with
observed results. The difference between curves shown in
Fig. 2 can be simply understood based on the fact that the
orbital period is inversely correlated with the X-ray luminos-
ity, such that with a higher cut off in the X-ray luminosity
function one does not include binaries with larger orbital pe-
riods or lower frequencies than with a cut off at the low end.
While luminosities of observed binaries extend down to 1037
ergs s−1, it is unclear whether the X-ray luminosity func-
tion can be further extended. Expectations are such that at
this low end of the luminosity range, binaries will become
transient at some critical luminosity though whether this is
at 1037 ergs s−1 or lower is yet to be determined precisely
(Bildsten & Deloye 2004).
In Fig. 3, we summarize the NS-WD background with
respect to the LISA noise. Here, we plot the gravitational
wave amplitude h, which scales as (fGWSh)
1/2, and have
scaled the background with an overall amplitude correc-
tion of (fGW∆Tobs)
−1/2 when accounting for the typical im-
provement in LISA noise for an observational duration of
∆Tobs = 1 year. The LISA noise curve shown in Fig. 3 is for
a signal-to-noise detection of unity and follows from Larson
et al. (2002). For comparison, we also show the total back-
ground related to WDs (in orbit around other WDs or main
sequence stars) as calculated by Farmer & Phinney (2003).
To capture the uncertainty related to interacting NS-WD
binaries in X-ray data, we vary the background calculation
using parameter estimate errors in the binary distribution.
The shaded region in Fig. 3 shows the extent to which back-
ground varies with 1 σ variations (but keeping Lext fixed
at 1034 ergs s−1). The lower limit of this range should be
considered as the absolute lower limit on the expected grav-
itational wave background from NS-WD binaries. This is
several orders of magnitude below the LISA noise and the
total WD-WD extragalactic background.
As noted before, however, we have underestimated the
NS-WD background by not accounting for detached bina-
ries. We include these binaries based on the observed or-
bital period distribution of ∼ 80 NS-WD binaries, related
to both pulsars and LMXBs, compiled from the literature
from Lorimer (2001) and Banacquista (2002). We randomly
draw from this sample to calculate the gravitational wave
background of the Milky Way; While the period, and thus
the secondary mass, distribution is established from known
statistics, there is still a freedom with regards to the total
number of NS-WD binaries or normalization of the distribu-
tion. Taking a conservative approach to purposely overesti-
mate the background, we assume that the fractional number
of NS-WD binaries in the Milky Way is roughly between 3
(pessimistic) and 300 (optimistic) times that of the number
of LMXBs down to a X-ray luminosity of 1034 ergs s−1 (with
30 as the mid range). This results in a total number of 9000
binaries (900 to 90000 in the whole range) with periods be-
tween roughly 200 days and 11 mins, though we allow the
distribution to expand at both ends beyond this range. We
follow the same normalization procedure for each galaxy, so
that the previous calculation related to LMXBs alone can
easily be extended.
Note that our normalization, though has a large range,
is consistent with numerical estimate in the literature based
on observations (e.g., Lorimer 2001) as well population syn-
thesis models (e.g., Nelemans et al. 2001). Our mid total
number of ∼ 9000 binaries suggests a birth rate of 10−6
yr−1 in agreement with estimated lifetimes, for LMXBs, of
roughly 2.5×106 years. The implied merger rate, by rescaling
numbers in population synthesis models of Nelemans et al.
(2001) is again about 10−6 yr−1 or 1 Myr−1. The 9000 num-
ber is also roughly consistent with the estimated number of
NS-WD binaries, out to a distance of 3 kpc from the Sun, of
850 (Edward & Bailes 2001) if one assumes a galactic distri-
bution with a density that scales as sech(z/z0)
2 exp(−R/R0)
with z0 = 200 pc and R0 = 2.5 kpc. Note that the overall
normalization is rather uncertain by at least to an order of
magnitude.
In Fig. 3, we show the total estimated NS-WD back-
ground. Here, again, as in the case of LMXBs alone, we show
a range of estimated backgrounds by varying the total nor-
malization by a factor of 10 both higher and lower than the
mean normalization. The estimated range suggests, however,
that the total background is below that of the extragalac-
tic WD-WD background by at least an order of magnitude.
The background is also below the LISA noise level and is
unlikely to be a major source of signal. Between 0.1 mHz
and 10 mHz, we find that a spectral slope of ∼ -0.8, con-
sistent with the expectation of (fSh)
1/2
∝ f−2/3 when the
c© 0000 RAS, MNRAS 000, 000–000
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Figure 3. The gravitational wave background related to compact
binaries. Here, we compare the background generated by NS-WD
binaries with LISA noise and the total background from WD-WD
binaries from Farmer & Phinney (2003). The shaded region re-
lated to interacting NS-WD background, based on LMXB data,
captures the uncertainty associated with various parameters in
the this calculation; One can safely consider the low end of this re-
gion as the absolute lower limit on the NS-WD background. Note
that we have underestimated the total NS-WD background by
only accounting for interacting binaries in the LMXB phase. We
account for detached binaries based on observed binary properties
of NS-WD binaries in the galaxy and based on an order of magni-
tude estimate for the normalization. This is rather uncertain, by
at least a factor of 10, and we show the range implied with two
dotted lines; the top-most dotted curve shows the highest allowed
total extragalactic background for all NS-WD binaries. For com-
parison, we also plot the gravitational wave amplitude of several
well known NS-WD binaries in our galaxy (in the case of binary
millisecond pulsars, triangles show the field binaries while squares
show those that are in globular clusters; circles show LMXBs in
globular clusters with well measured orbital properties). Among
these, 4U1820-30 is expected to be detected at a high signal-to-
noise ratio by LISA. We estimate few more such sources may be
detected in LISA data streams.
background is dominated by inspiralling detached binaries
(Phinney 2001). In terms of the overall amplitude, our esti-
mate for the total NS-WD background is roughly compatible
with an estimate in the literature by Schneider et al. (2001),
though, our calculation does not reproduce the exact shape
of their result. Their calculation suggests a bump at the low
frequency end, ∼ 10−5 Hz, of the spectrum (dominated by
inspiral binaries), though we do not find such an apparent
increase. A bump would require a substantial peak in the
number of NS-WD binaries with periods around few hours,
which is not observed (Willems & Kolb 2002).
Our estimate on the total NS-WD background is con-
sistent with the order of magnitude estimate by Kim et al.
(2004). There, the authors used statistics related to 3 binary
pulsars that are expected to merge within the Hubble time.
The estimate in Kim et al (2004) is roughly an order of mag-
nitude below the LISA noise and also below the extragalac-
tic background related to WD-WD binaries. In comparison,
the normalization related to NS-WD binaries is roughly con-
sistent between these two studies (9000 here vs. a total of
10400 there), though the number density of galaxies in our
calculation is lower (with φ∗ = 0.01 compared to 0.17). This
difference, however, is absorbed by other uncertain parame-
ters in our calculation.
While the extragalactic background may not be de-
tected with LISA, the galactic population may be within
its reach. In Fig. 3, we show the gravitational wave am-
plitude for the sample of known NS-WD binaries as used in
describing the total background. Under the assumption that
the primary mass is a neutron star with a mass of 1.4 m⊙
we calculate the amplitude of the gravitational wave as
h = 1.5 × 10−21
(
fGW
mHz
)2/3 (1 kpc
d
)(
mc
m⊙
)5/3
. (8)
We also show the amplitude for a subsample of LMXBs with
well measured periods. Currently, there are ∼ 100 LMXBs
known in the galaxy, while 13 are present in globular clusters
(Benacquista 2002). Among the total sample of ∼ 80 bina-
ries, including binary millisecond pulsars, we find 4U1820-30
to be the only source that may be detectable with LISA. We
can scale our results based on published estimates in the lit-
erature. With a merger rate of 1.4 × 10−4 yr−1 and a total
number of NS-WD binaries 2.2 ×106, Nelemans et al. (2001)
found 38 resolved systems in LISA (at frequencies above ∼
mHz), while a total of 124 were found to be detected over
the whole frequency range when they also included the to-
tal galactic background at the low frequency end. Lowering
these numbers to a merger rate of 10−6 yr−1, we find 0.2 re-
solved systems and 1 detectable system. If we allow for the
merger rate of 10−5 yr−1 as advocated by Kim et al. (2004),
∼ 10 systems may be detected with LISA; it is unlikely that
the number expected for LISA is substantially higher than
this.
Assuming typical signal-to-noise levels of order 5, we
find that the locations of these binaries will be determined
by LISA to an accuracy of few degrees (Cooray et al. 2004).
Since the binary population is overly represented in globu-
lar clusters, the counterparts may easily be determined by
searching for periodic signatures, consistent with gravita-
tional wave data, in globular clusters within the error boxes.
The detectable NS-WD sample could potentially aid in un-
derstand the evolutionary properties of these binaries within
our galaxy which, in return, could help to establish the ex-
act background related to these binaries at cosmological dis-
tances. Another application of combined gravitational wave
and electromagnetic radiation observations of such binaries
include extracting of fundamental physical parameters such
as the graviton mass as discussed in Cutler et al. (2002)
with regards to the potential LISA observations of 4U1820-
30 (also, Cooray & Seto 2004).
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4 SUMMARY
Here, we discussed the stochastic background of gravita-
tional waves from ultra compact neutron star-white dwarf
(NS-WD) binaries at cosmological distances. The back-
ground is calculated by avoiding population synthesis ap-
proaches in the literature. We, however, make the assump-
tion that accreting neutron stars and donor white dwarf
stars form most of the low mass X-ray binaries (LMXBs);
this assumption is consistent with a variety of observations
that associate pulsars with LMXBs as well arguments based
on binary evolution properties. Our calculation makes use of
recent results related to the luminosity function determined
from X-ray observations for such binaries.
The background is substantially lower; The calculation
based on LMXBs, however, does not include the total pop-
ulation of NS-WD binaries as we neglect detached binaries
that are not interacting as well as a large sample of binary
millisecond pulsars. We extend our calculation to include
such binaries based on the observed distribution of binary
periods and secondary masses, though we have a large un-
certainty with respect to an overall normalization. Even af-
ter allowing for a conservatively high number of detached
NS-WD binaries, at frequencies between 10−5 Hz and 10−1
Hz, as relevant for the Laser Interferometer Space Antenna
(LISA), we find that the NS-WD background is at least an
oder of magnitude below that due to extragalactic white
dwarf-white dwarf binaries. The signal is, again, below the
detectability level of LISA. While the extragalactic back-
ground is unlikely to be detectable, we suggest that a few
galactic NS-WD binaries will be resolved with LISA in ad-
dition to the known source 4U1820-30.
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